IJE TRANSACTIONS B: Applications Vol. 37 No. 08, (August 2024) 1500-1509

International Journal of Engineering

Journal Homepage: www.ije.ir

Synthesis, Characterization, and Application of EDTA-Coated Maghemite Magnetic
Nanoparticles for Oil Spill Cleanup from Water Surface

M. ]. Awda*, B. A. Abdulmajeed

Department of Chemical Engineering, College of Engineering, University of Baghdad, Baghdad, Iraq

PAPER INFO

Paper history:

Received 18 November 2023

Received in revised form 21 January 2024
Accepted 09 February 2024

Keywords:

Magnetic Separation

Magnetic Nano Sorbent

0Oil Sorption

Gravimetric Oil Removal

Ethylene Diamine Tetra-acetic Acid
Crude 0il

ABSTRACT

Oil spills pose significant environmental, ecological, and economic challenges worldwide. Since current
remediation technologies proved inefficient in restoring marine ecosystems, this study adopted a
straightforward and economical method of utilizing iron oxide magnetic nanoparticles. Maghemite (y-
Fe,03) magnetic nanoparticles (MNPs) were synthesized using a homogeneous co-precipitation method.
The colloidal dispersibility of MNPs was enhanced by applying an ethylene diamine tetra-acetic acid
(EDTA) coating, resulting in a reduction of high surface energy and a subsequent decrease in
nanoparticle agglomeration. MNPs were characterized using X-ray diffraction (XRD), Fourier
transform infrared Spectroscopy (FTIR), transmission electron microscopy (TEM), scanning electron
microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX), and vibrating sample magnetometer
(VSM). Removal experiments occurred at 25°C with a mass range of adsorbent (0.02-0.06 g). Oil-
contaminated magnetic nanoparticles were extracted from the water surface by an external magnetic
field using a neodymium magnet. The effects of both the oil APl and the mass of adsorbent on
gravimetric oil removal (GOR) were investigated. GORs for APIs 23, 28.4, and 40.3 were found to be
10.5+0.2-2.45+0.24, 8.96+0.18-1.15+0.06, and 5.11+015 to 1.01+ 0.12g/g, respectively. Experimental
results demonstrated an inverse relationship between GOR and the API value, indicating that as the API
value decreased, GOR increased, and vice versa. Furthermore, as the mass of the adsorbent material
was increased (0.02-0.06g), the GOR value decreased. The results of this study suggest that EDTA-
maghemite MNPs have advantageous properties, including a small nanosize, super-paramagnetic
behavior, and a large surface area. These characteristics make EDTA-maghemite a suitable sorbent for
removing oil spills from water surfaces.
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1. INTRODUCTION

Water is an essential element for sustaining life on planet
Earth. The aquatic ecosystem is experiencing significant
contamination, resulting in the catastrophic degradation
of natural watercourses (1-4). Several factors contribute
to the problem of clean water shortage; one is the
growing water demand, which is exceeding its supply,
and another is the consequence of irresponsible human
actions (5).

Due to the high global oil consumption, many
countries rely heavily on oil as their main energy source
and source of income (6). It is challenging to prevent oil
spills. Millions of tons of energy were wasted as a result
(7).

The release of oil into the environment presents
significant hazards to both freshwater and marine
ecosystems, impacting not just surface water supplies but
also a diverse array of subsurface organisms
interconnected within an intricate food chain, including
vital human food sources (8).

Campos, Brazil (2011), Dalian, China (2010), and the
Gulf of Mexico (2010), among numerous others., caused
enormous destruction, proving the need for ongoing
research into innovative remediation solutions (9). The
Gulf of Mexico saw a very consequential oil spill, which
is the most catastrophic incident of its kind.
Approximately 750 million liters of oil were believed to
have been discharged into the marine environment. In
2019, oil spread from Brazil's northeast and southeast,
impacting about 2,000 kilometers of shoreline (10).

At the site of the oil spill, it is crucial to use both
onshore and offshore oil response strategies, as well as
continuous monitoring systems, to lessen the negative
effects on the environment and human health. Numerous
researchers have focused on mitigating oil spill incidents,
aiming to limit the dispersion of pollutants and the
subsequent complications (11).

Traditional oil spill cleanup strategies fall into four
categories: (i) mechanical measures like booms and
skimmers, (ii) chemical treatments like dispersants, (iii)
in-situ burning, and (iiii) bioremediation. Various
compounds, such as solidifiers and absorbents, have been
utilized during these processes to clean up oil spills. The
expensive cost and extended time required by these
techniques are just two of their major drawbacks.
Additional factors to consider are the secondary
environmental pollution as a result of the materials used
and the limited effectiveness of adsorption, especially
when treating thin layers of oil (12, 13).

The oil sorption method is favored because of its
many advantages, including its low energy requirements,
low cost, excellent efficiency, and eco-friendlyness (14,
15).

Nanomaterials, including magnetic nanoparticles
(MNPs), have attracted much interest as a sorbent for oil
spills because of their beneficial properties (15, 16).
These properties include easy separation and recovery
through external magnetic fields, robust chemical,
thermal, and mechanical stabilities, high surface area,
ability to adsorb oil, and moderate saturation
magnetization (17-19). Multiple methodologies exist that
are recognized for the synthesis of MNPs, which include
co-precipitation, hydrothermal, thermal decomposition,
solvothermal, sol-gel, and microemulsion (20-24).

One of the most often employed and very efficient
nanomaterials is known as SPIONs, which stands for
super-paramagnetic iron oxide nanoparticles. These
nanoparticles have a nanometer-sized iron oxide core that
exhibits super hydrophobic properties (22, 25). Any
compound containing iron, including oxides, hydroxides,
and oxide-hydroxides, can be referred to as “iron oxide™.
Iron oxide has been found to exist in sixteen different
phases; hence, differentiation between them can be
achieved based on the inclusion of O, or the hydroxyl
(OH) anions inside the crystalline framework (26).

The magnetic properties of SPIONSs for oil recovery
applications are their most attractive characteristics.
Even though other MNPs, such as copper and nickel,
among others, have similar magnetic properties (27). The
majority of the literature points towards IONPs as the
most promising, owing to low production costs, minimal
toxicity, convenient synthesis and modification routes,
and ease of magnetizing. lron oxides that have been
extensively researched in the domains of oil and gas are
hematite (a-Fe203), magnetite (Fes0.), and maghemite
(y-Fe20s3) (28, 29).

From a toxicological standpoint, SPIONs are
considered toxic. However, relative to other MNPs,
Fes04, and Fe,O3 have garnered much interest, especially
in medical and pharmaceutical areas, because of their low
toxicity and biological compatibility. They are distinctive
because they are the only monocomponent metallic
nanoparticles that the Food and Drug Administration
(FDA) has approved (30). Therefore, they are employed
in a variety of biological applications, including protein
immobilization, MRI, thermal therapy, and drug
administration (31-33).

Due to its extensive research, maghemite (y-Fe;Os) is
considered a desirable material for several applications
such as medicationin drug delivery, data storage,
catalysts, bioseparation, and magnetic sensors (34, 35).
There are two advantages to use maghemite (y -Fe20s3) in
water treatment applications. It is a superior contaminant
remover due to the combination of its magnetic and
photocatalytic characteristics. Maghemite, also known as
oxidized magnetite, is classified as an n-type
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semiconductor due to its electronic properties. It is
categorized as a ferromagnetic oxide and exhibits a spinel
structure that closely resembles that of magnetite (36).
Many contaminants, including those in aqueous
solutions, drinking water, effluent, groundwater, and acid
mine drainage, have been effectively extracted from
water samples through the utilization of Maghemite
MNPs, which may be incorporated into nanocomposites,
surface-modified, or in their original, unadulterated state.
The adsorption efficiencies of these Maghemite MNPs
have been shown to be quite high, reaching close to 100%
for certain contaminants (29, 37).

The inevitability of the long-term instability of
particles within this specific size range is apparent. These
particles prefer to seek agglomerates in order to lower the
energy associated with nanoparticles' greater surface-
area-to-volume ratio (38). Due to their chemical
reactivity and susceptibility to air oxidation process, the
nanoparticles exhibit diminished magnetic properties and
dispersibility (39). Developing protective measures to
chemically stabilize bare magnetic nanoparticles against
degradation throughout or subsequent to the production
process is critical for many applications. Incorporating
organic species such as surfactants or polymers by
grafting, as well as applying an inorganic layer such as
silica or carbon coating, are among the methodologies
employed (40).

Many studies have shown that ethylene diamine tetra-
acetic acid (EDTA) has a strong affinity for iron oxide
nanoparticles, which might make it easier for colloids to
spread out, lower high surface energy, and stop
nanoparticles from sticking together (41-44).

In this study, since no reports of oil spill recovery
using coated maghemite (y-Fe,Os) with EDTA as an
adsorbent have been published, pure maghemite MNPs
were synthesized and coated with EDTA to investigate
their efficiency for adsorbing crude oil from the water
surface using the gravimetric method with different doses
of coated MNPs. Three Iragi crude oils with different
APIs and artificial seawater (35% Nacl) were employed
to simulate an oil spill.

2. MATERIALS AND METHOD

2. 1. Materials The materials used in this study
included the following: All chemicals were of analytical
reagent grade and were utilized without further treatment.
Ferric chloride hexahydrate (FeCls.6H20 99%), ferrous
chloride tetrahydrate (FeCl2.4H,O 98%), Urea
(CO(NH.)2) and Ethylene diamine tetra-acetic acid
(EDTA, C10H18N20s, 99%) from CDH (India),
ammonium hydroxide solution (NH4OH, 25% of
ammonia) from BDH Chemicals (England).

Crude oil, which was taken from Al-Dura Refinery
(Basrah crude oil) (Location: EBS-OM-S2 Site) and
(Naft Khana) in Iraq, their properties are displayed in
Table 1.

TABLE 1. Crude oils properties

Property CBasrah_ Naft East Baghdad
rude Oil  Khana S2
Sp.Cr. at 15.6°C 0.88490 0.823 0.9158
API 28.40 40.3 23
Viscosity (cp) at 26.7°C 19.4 3.056 8.505

2. 2. y-Fe203 Preparation v-Fe20sMNPs were
produced utilizing a homogeneous co-precipitation
technique as described (45). At room temperature, 6.16 ¢
of FeCl».4H,0 and 16.75 g of FeCls.6H,O were added to
(1.5g) urea in 100 mL of deionized water. Subsequently,
the solution was gradually heated up to 80°C for 1 hour
under reflux circumstances to decompose the urea.

After one hour, a diluted ammonia solution was
introduced into the combined solution to adjust its pH to
around 10.5. This adjustment was carried out while the
solution was being stirred. An additional 30 minutes of
reflux at a temperature of 80°C.

During the progression of the reaction, the formation
of a precipitate with a reddish-brown color is perceived.
After cooling to ambient temperature, the reddish-brown
precipitate was subsequently isolated and subjected to a
thorough washing procedure involving three cycles of
deionized water rinsing to effectively remove any
remaining residues resulting from the reaction.

Later, the specimen underwent two rounds of
cleansing using acetone and was subsequently air-dried
at ambient conditions.

2. 3. Coating with EDTA EDTA was used to coat
v-Fe:0s MNPs. After adding 0.615 g of EDTA to a
solution of 4.48 g of MNPs in water, the suspension was
agitated for 1 hour at 50°C (46). The precipitates were
separated magnetically. The solution was rinsed with
deionized water until its pH was adjusted to 7.

Subsequently, the precipitate was dispersed in 200
mL of deionized water and subjected to ultrasonic
treatment for 30 minutes. The resulting product consisted
of a black precipitate of EDTA-MNPs, which was
separated from the liquid phase and subsequently
subjected to drying at a temperature of 80°C for a
duration of 3 hours. The dried material was then
pulverized using a mortar.

2. 4. Characterization Techniques The
generated magnetic nanoparticles (MNPs) underwent
characterization using XRD analysis. This analysis used
an X-ray diffractometer (Shimadzu SRD 6000, Japan)
with specific parameters, including a two-theta range of
10-80. This characterization aimed to confirm the
structure and presence of the maghemite phase in the
MNPs.

The TEM investigation used the electron microscopy
instrument (EM 900, Zeiss). The SEM pictures were
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acquired using the Oxford instrument model TE SCAN,
Vega Il Im-CZECK. The surface area was quantified
with the Brunauer-Emmett-Teller (BET) technique.,
employing a micrometric ASAP 2020 equipment.

The magnetism at room temperature was measured
using a VSM, MDKG®). The Fourier transform infrared
(FTIR) study was conducted using an IRPrestige-21
Fourier  transform infrared  spectrophotometer
manufactured by Shimadzu, Japan. The scan range
employed was from 4000 to 400 cm™. This analysis
aimed to verify the presence of the maghemite phase and
ascertain that the magnetic nanoparticles (MNPs) were
coated with EDTA.

2. 5. 0il Removal Experiment The investigation
on oil removal was conducted utilizing the GOR
technique, as previously documented (47). An (80 mL)
solution of artificial seawater containing 3.5% sodium
chloride (NaCl) was carefully poured into a 100 mL
beaker. A quantity of crude oil (API 23, 28.4, 40.3)
weighing 0.2 g was dropped into the water surface.
Subsequently, a measured amount of EDTA- y Fe;03
weighing 0.02-0.06 g was evenly distributed over the oil
spill. The EDTA- (MNPs) in the oil were retrieved using
a permanent magnet after 5 minutes. Figure 2
demonstrates the process of simulating an oil spill (i.e.,
placing the oil samples on the water surface and resulting
in two distinct phases that simulate an oil spill without
emulsification), the adsorption of the oil by EDTA-
MNPs, and the removal of the oil-laden MNPs from the
water surface using an external magnetic field. The oil
removal experiments were carried out in triplicate, and
Equation 1 was utilized to measure the GOR, g/g.

mz - ms
GOR = == 1)
The variable m; represents the mass of adsorbent, m;
represents the total mass of the beaker, encompassing the
oil spot, adsorbent, and water. Alternatively, ms denotes
the mass of the leftover oil (the mass of the beaker after

the removal).
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Figure 2. Schematic representation of gravimetric oil spill
removal

3. RESULTS AND DISCUSSION

3. 1. Characterization The crystal structure
of gamma-Fe;O; resembles that of Fe;O4; however,
cation vacancies are specifically located in the octahedral
location within the spinel lattice. Two distinct crystalline
phases, namely the disordered and ordered phases, can be
observed depending on whether the cations and
vacancies exhibit ordering or not. Typically, the
synthesis techniques employed at low temperatures tend
to form the disordered phase, according to the study
conducted by Sreeja and Joy (48).

The crystal structures of y-Fe,O3 were analyzed using
XRD techniques, which provided evidence for the
presence of the maghemite phase. Figure 3 illustrates the
XRD patterns of MNPs, which give evidence of the
maghemite y-Fe,Os possessing a very crystalline
structure. The observed peaks at 26 values of 30.55, 35.9,
43.6, 53.9, 57.5, and 62.4 can be attributed to the
diffraction patterns of crystallographic planes (hkl) with
Miller indices of (220), (311), (400), (422), (511), and
(440), respectively. The present study examines the
crystal faces inside the spinel structure of y-Fe;Os.

The obtained result demonstrates a high level of
agreement with the XRD patterns of maghemite
nanoparticles, as previously published by Wu and Gao
(45). The crystallite size of MNPs was determined using
Scherer’s Equation 2:

KsA
= 5.c0%0 )

where D is the crystallite's mean size (nm), K is the
crystallite's form factor (around 0.9 for magnetite and
maghemite (dimensionless) (49), A is the X-ray
wavelength (hnm), g is the FWHM (radians), and 6 is the
XRD angle (degrees). The crystallite size of MNPs is
(11.1 nm) using Scherer’s equation and the FWHM
values of the most strong peaks obtained from XRD.
The SEM and TEM images of the v-Fe;Os
nanoparticles were presented in Figures 4 and 5 to

—¥-Fe0,

Intensity (a.u)
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Figure 3. XRD pattern of maghemite nanoparticles
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visually depict the shape of the nanoparticles and provide
information on their particle size distribution. Based on
the (SEM) pictures, it can be shown that the nanoparticles
tended to adhere to one another, resulting in the
formation of agglomerates, ultimately assuming a
spherical morphology (refer to Figure 4).

The TEM picture demonstrates the presence of
ultrafine particles with irregular forms (Figure 5). Based
on the diminutive dimensions of particles, it can be
posited that their morphology exhibits a dot-encircled,
nearly spherical configuration. The particle size
distribution analysis indicates that the particles are
dispersed throughout a range of approximately 5-17 nm,
with an average size of around 11.1 nm. The particle sizes
detected in the (TEM) micrograph were consistent with
the (XRD) analysis results. The particles exhibit a mostly
spherical morphology and tend to overlap, forming an
aggregated structure.

The presence of peaks corresponding to iron (Fe) and
oxygen (O) in the EDX spectra provides evidence
supporting the development of maghemite nanoparticles.
As shown in Table 2 and Figure 6, the observed peaks
for Na and C can be attributed to distinct causes. Na peak
can be attributed to inadequate washing procedures and
the subsequent deposition of salt. On the other hand, the
appearance of a C peak can be attributed to the existence
of organic connections of urea (50).

Figure 5. TEM image of maghemite nénopartlc es

TABLE 2. EDX pattern of maghemite nanoparticles

Element  Atomic  Atomic%  Weight — Weight %
% Error % Error
C 134 0.2 5.4 01
50.6 0.3 27.3 0.2
Na 0.6 0.1 04 01
Fe 35.5 0.1 66.8 0.2
LS 3
ELS
gmi 9
.u:: ‘H& .
nile U T R ‘
oet Shet S 15y et

Figure 6. EDX pattern of maghemite nanoparticles

The findings obtained from the BET approach
indicate that the specific surface area of MNPs was
determined to be 87.01 m? g. Based on the provided
data, it can be inferred that the synthesized maghemite
exhibits nanoparticle characteristics characterized by a
very substantial specific surface area.

The magnetic properties of the synthesized
maghemite magnetic nanoparticle powder were
investigated using a VSM at ambient temperature. As
shown in the magnetization curve of y-Fe;Os MNPs in
Figure 7, which go through the zero point, and the
hysteresis disappears, the remanent magnetization (Mr)
and coercivity (Hc) values are very small. (Ms) are
measured to be 40 emu.g*. These data mean that y-Fe,O3
MNPs are super-paramagnetic (51). Super-paramagnetic
nanoparticles exhibit magnetic attraction in the presence
of a magnetic field but do not retain any residual
magnetism once the field is removed (52).

Saturation Magnetization (Ms) = 40 emu\gm| Ms
40 4 Remanance (Mr) = 5 emu\gm
Coercivity (Hc) = 66 Oe

~
S
L

Mr

He

Magnetic moment (emu/gm)
3 o
.
A

T T T T
-10000 -5000 5000 10000

0
Magnetic Feild (Oe)
Figure 7. Magnetization curve of maghemite
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Fourier transform infrared (FTIR) spectroscopy was
utilized to validate the occurrence of the maghemite
phase and verify the attachment of functional groups
from EDTA to the surface of the iron oxide. Figure 8
displays the (FTIR) spectra of (a) pure MNPs (b)
(EDTA), and (c) EDTA-coated MNPs.

The researchers suggest that the absorption band in
the high wavenumber region (3600-3400) is attributed to
OH stretching, while in the lower wavenumber range
(700-400), it is associated with Fe-O lattice vibration
(55). The curves denoted as a, b, and ¢ exhibited maxima
at wavenumbers 3427 cm, 3417 cm, and 3438 cm,
respectively, which can be attributed to the presence of -
OH functional group. In Figure 8(a), the observed
absorption peaks at 692 and 634 cm™ are indicative of the
presence of a Fe-O bond, which suggests the presence of
v-Fe20s, as reported in the study by Bali et al. (50).

The deprotonation of the carboxyl groups of EDTA
occurs during the synthesis of EDTA-MNP, where NH3
and EDTA are simultaneously added. Moreover, the
deprotonated carboxylate (COO-) exhibits significant
asymmetric and symmetric stretching in the spectral
range of 1640-1520 cm? and 1400-1300 cm™,
respectively. The bands observed at wavenumbers 1628
cm? and 1430 cm?® have been attributed to the
asymmetric stretching (COO-) and symmetric stretching
(COO-) vibrations, respectively, which is consistent with
the findings reported by Shahrekizad et al. (46).

The presence of two distinct peaks within the spectral
range of 2800 to 3000 cm! can be attributed to the direct
correlation with the extended vibration of -CH, groups
that are chelated to the y-Fe;O3 compound in the EDTA
complex. The grafting of EDTA onto the surface of y-
Fe»,Oz nanoparticles has been confirmed using FTIR
analysis.

3. 2. Gravemtric Oil Removal This work
employed three crude oil samples with varied APIs

A
a
a

NS '“‘\/\ |

-\ —

,va

Transmittance (a.n.)

3417 —-——

T T
A0 3600 3200 2800 2400 2000

Wave number em
Figure 8. FTIR spectra of (a)Maghemite (b) EDTA (c)
EDTA-maghemite

(23,28.4, and 40.3) in oil removal tests. It was noted that
raising the API facilitates greater oil dispersion. The
observed dispersive behavior could be attributed to the
distinct chemical compositions of the oils under
investigation; according to the data presented in Table 1,
there is an inverse relationship between the API and the
viscosity value of the oil. In other words, as the API
increases, the viscosity decreases. It is plausible that oils
with weaker intermolecular cohesion forces exhibit a
higher degree of dispersion (53).

Oil sorption is a multifaceted phenomenon influenced
by various characteristics of the oil, such as its API,
density, viscosity, and adsorbent material, including its
porosity and surface area (53). Figures 9 depict the
impact of APl on the (GOR, g/g, average values) of the
oil samples under investigation, with adsorbent quantities
of 0.02g and 0.06g. As evidenced, the oil with the lowest
API (23) exhibited the highest (GOR) values (10.5+0.20
and 2.45+0.24 g/g), in contrast to samples with the
highest APIs (28.4 and 40.3), which had a lower GOR
(8.96+0.18, 1.15+0.06 and 5.11+0.15, 1.01+0.12
g/g). These results were also reported by Cardona et al.
(53), their study showed a decrease in the GOR value
from 11.57 + 1.09¢g\g at APl = 20 to 4.71 + 0.16g\g at
API = 45. These results can be attributed to the inverse
relationship between API and viscosity. Lower viscosity
decreases oil adherence to the adsorbent surface,
resulting in reduced oil adsorption capacity (54).

Figure 10 illustrates the relationship between
(GORg|g) and the quantity of adsorbent materials ranging
from 0.02 g to 0.06 g. The results demonstrate a clear
trend of decreasing (GOR) when the adsorbent amount
increases from 0.02 to 0.06 g. Specifically, the GOR
values fell from 10.5 to 2.45 g/g, 8.96 to 1.14 g/g, and
5.11 to 1.01 g/g for crude oil samples with (APIs) 23,
28.4, and 40.3, respectively.

This decrease in the oil adsorption capacity (g/g) with
the increase in the adsorbent amount was also reported

10.50
8.96
[=1]
)
o
o 5.11
Q T
2.45
1.15 1.01
. I
API=23 API=28 API=40
AP

Figure 9. Dependence of GOR on the tested oil (at
m1=0.02and 0.06)
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By (47, 54-56) for the oil removal employing composite
based on magnetic nanoparticles. For instance, Amar et
al. (47) reported a decrease in diesel engine sorption
capacity from 27.65 to 7.42 g/g by increasing the mass of
ZnFe;04 MNPs from 0.01 to 0.05g. The observed decline
in adsorption capacity may be due to the aggregation of
the adsorbent. Consequently, the sorbent's surface area
experienced a reduction, thereby impeding the
infiltration of oil spills into the interior pores that are
accessible for oil sorption (57).

The high GOR of EDTA-maghemite nanoparticles
can be attributed to their nanosize and low density, which
allow them to float with the oil on the water surface.
Additionally, organic species (EDTA) enhanced the
dispersion of iron oxide particles and facilitated
penetration into the oil. The high surface area of
maghemite nanoparticles led to high adsorption, and the
super-paramagnetic properties of maghemite
nanoparticles allowed for easy removal using an external

HAPI=23 WAPI=28 [API=40

Mm

Mass of adsorbent

Figure 10. Relationship between the mass of EDTA-
maghemite and the GOR

GO Rg\g

TABLE 3. Comparison of the gravimetric oil removal for
various magnetic sorbents, based on published literature

Gravimetric oil

Material Type of oil removal (g/g) Reference
Fes04 Crude oil 2.16 (58)
Fes04/PS Diesel 2.495 (59)
PS-SIO, Diesel 3 (54)
Fe3O0./Silica Diesel 3.78 (60)
PVDF/ CoFe,0,4 Decane 9.7 (61)
Crude oil 10.5+0.2- .
EDTA-y-Fe,05 API=23 2 4540 24 This study
Crude oil 8.96+0.18- .
EDTA-y-Fe;0s API=28 1.15+0.06 This study
Crude oil 5.11+015- 1.01+ .
EDTA-y-Fe,05 API=40 012 This study

magnetic field (13). Based on published research, Table
3 a comparison of how well different magnetic sorbents
remove oil using gravimetric methods.

4. CONCLUSIONS

v-Fe20s MNPs were successfully synthesized using a
homogeneous co-precipitation process at a temperature
of 80°C. The XRD and FTIR analyses conducted on the
magnetic nanoparticles (MNPs) provided evidence of the
presence of the maghemite phase.

The determined crystallite size was approximately
11.1 nm. The particle sizes observed in the micrographs
acquired from the TEM and SEM tests were consistent
with the results obtained from XRD analysis. According
to the SEM image, the particles exhibit a mostly spherical
morphology.

The super-paramagnetic character of the synthesized
maghemite was confirmed using the VSM test, resulting
in improved oil separation efficiency using the magnetic
separation technique. The BET analysis revealed that the
synthesized maghemite exhibited a comparatively high
specific surface area of 87.01 m? g

The resulting MNPs were then coated with EDTA.
FTIR was employed to confirm the presence of
functional groups of EDTA on the iron oxide surface.
The analysis revealed that the crystal structure of
maghemite remained unaltered.

The coated MNPs exhibited a high adsorption
capacity (GORg|g) and effectively removed oil spills
from water surfaces. GOR experiments were conducted
at room temperature using three crude oil samples with
different (APIs) (23, 28.4, and 40.3). The results
indicated that the crude oil sample with the lowest API
gravity (23) exhibited the highest values of oil removal
efficiency (10.5 and 2.45 g/g) when treated with
adsorbents weighing 0.02 and 0.06 g, respectively; in
contrast, the samples with higher APIs displayed lower
oil removal efficiencies. The research findings also
indicate that the quantity of adsorbent significantly
impacts the (GOR), which decreased across all samples
as the quantity of adsorbent increased from 0.02 to 0.06
g.

EDTA-Maghemite's small nanosize, high surface
area, paramagnetic  properties, low toxicity,
biocompatibility, and low cost, as well as its ease of
preparation, application, and separation, make it a
promising adsorbent for future research to remove other
petroleum derivatives and investigate the feasibility of
practical use.
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